REGULATION OF TARGET PROTEIN ACTIVITY 
THROUGH MODIFIER PROTEINS 



CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims priority under 35 U.S.C. 1 19(e)(1) to U.S. Provisional 
Application No. 60/261,314, filed on January 12, 2001, U.S. Provisional Application No. 
60/322,322, filed on September 14, 2001, and U.S. Provisional Application No. 60/322,030, 
filed on September 14, 2001, all of which are incorporated herein by reference. 

FIELD OF THE INVENTION 
[0002] This invention relates generally to the field of peptidase activity, more specifically 
deconjugation, removal, or separation of a modifier protein from a target protein, e.g., de- 
neddylation or de-ubiquitination. 

BACKGROUND OF THE INVENTION 
[0003] The function of a protein is regulated via various means in a cell. One way to 
regulate protein function is via conjugation and deconjugation of a modifier protein to a 
target protein, e.g., neddylation and de-neddylation or ubiquitination and de-ubiquitination. 

[0004] The major route for protein degradation in the nucleus and cytoplasm of eukaryotic 
cells is via the ubiquitin/26S proteasome pathway. The 26S proteasome comprises two major 
subparticles: the 20S proteasome and the 19S regulatory particle. The 20S proteasome is a 
cylindrical structure with an internal cavity that contains the peptidase active sites. Substrates 
of the proteasome are inserted into the cylinder, where they are susceptible to digestion by the 
peptidase active sites of the 20S proteasome. Entry into the 20S proteasome cylinder is 
governed by the 19S regulatory particle, which caps the ends of the 20S cylinder. 

[0005] The 19S regulatory particle binds ubiquitinated substrates and translocates them 
into the inner cavity of the 20S cylinder, where they are degraded. The 19S regulatory 
particle can be further subdivided into two multiprotein complexes: the base and the lid. The 
base comprises a set of six ATPases that are thought to unfold substrates and translocate them 
into the 20S proteasome. The lid is comprised of a set of eight proteins of unknown function. 
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Biochemical data indicate that the presence of the lid renders the proteasome selective for 
degrading ubiquitinated proteins, but the basis for this selectivity is not known. 

[0006] The lid subcomplex of the 26S proteasome is evolutionarily related to the COP9- 
signalosome complex, but the significance of this similarity has remained unknown. There 
are reports in the literature that 26S proteasome preparations contain a variety of associated 
ubiquitin isopeptidase activities (Eytan, E., et aL, J.Biol Chem. 268:4668-74 (1993); Verma, 
et al., Mol Biol Cell 11:3425 (2000)). However, none of these reports demonstrate that an 
ubiquitinated substrate can be completely deubiquitinated by purified 26S proteasome to 
yield unmodified substrate. The failure to detect such a reaction product may be due to a 
tight coupling between the deubiquitination of a substrate and its subsequent degradation 
within the internal cavity of the 20S proteasome. 

[0007] Proteins that are destined for degradation by the ubiquitin/26S pathway are marked 
by the attachment of a multiubiquitin chain to the side chains of lysine residues on the target 
protein. The ubiquitinated protein is then recognized by the 26S proteasome by a mechanism 
that remains poorly understood. Subsequently the ubiquitinated protein is disengaged from 
any tightly bound partners, unfolded, and translocated into the central cavity of the 20S 
complex , where it is exhaustively degraded by the proteolytic active sites that are present in 
this inner cavity. 

[0008] Despite many years of intensive study of this system, it remains unclear what 
happens to the substrate-bound multiubiquitin chains that target the substrate for degradation. 
It appears that ubiquitin is not degraded by the proteasome and in fact is recycled. However 
it remains unclear if the ubiquitin chains enter the inner cavity of the proteasome and emerge 
unscathed, or are cleaved from the substrate protein prior to or during its translocation into 
the inner cavity of the 20S. In prior work (Eytan, E., et al., J. Biol Chem. 268 :4668-74 
(1993)), it was demonstrated that there is an isopeptidase activity or activities associated with 
the intact 26S proteasome that is able to release free ubiquitin monomers from ubiquitinated 
substrates that are degraded by the 26S proteasome. It was demonstrated that this activity is 
sensitive to the metal ion chelator 1,10-phenanthroline, but the identity of the polypeptides 
that harbors this activity was not established, nor was it established that this activity is 
intrinsic to the 26S proteasome as opposed to being intrinsic to a protein that binds transiently 
to the 26S proteasome. This prior work also fails to disclose that the ubiquitin isopeptidase 
activity is critical to the protein-degrading function of the 26S proteasome. 



[0009] Nedd8 is an ubiquitin-like protein. Like ubiquitin, it is covalently linked via its 
carboxy terminus to the side-chain amino group of lysine residues in target proteins (referred 
to as neddylation). The attachment of Nedd8 to target proteins requires the combined action 
of Nedd8-activating enzyme composed of Ulal and Uba3 subunits (analogous to ubiquitin- 
activating enzyme, El), and Ubcl2, which is homologous to the ubiquitin-conjugating 
enzymes (E2s). There is no known requirement for an activity equivalent to the ubiquitin 
ligase (E3) component of ubiquitination pathways. The Nedd8 modification, like 
ubiquitination, is probably dynamic. However little is known about the nature of the 
enzymes that would cleave Nedd8 from its targets (i.e. deneddylate, also referred to as 
'deneddylation' or 'deneddylating' activity). 

[0010] A ubiquitin isopeptidase (USP21) has been shown to be able to deneddylate Cull- 
Nedd8 conjugates, and a second enzyme UCH-L3, has been shown to be able to cleave 
Nedd8-containing fusion proteins at the C-terminus of Nedd8 to release mature Nedd8 
(Nedd8, like ubiquitin, is made as a precursor with additional C-terminal residues that must 
be removed before it can be conjugated to proteins). Despite the fact that both USP21 and 
UCH-L3 can metabolize Nedd8-based substrates, they also work on ubiquitin-based 
substrates, and it remains unclear whether their biochemical activity towards Nedd8 is 
relevant in the context of a cell. 

[0011] In contrast to ubiquitin, the attachment of Nedd8 to proteins does not mark them 
for degradation. Rather, it appears as if neddylation acts to modify protein function, much 
like phosphorylation. The only proteins that have been found to be conjugated with Nedd8 to 
date are the cullins. The cullins are a family of six related proteins that bind a RING-H2 
domain protein to form the catalytic core of multisubunit ubiquitin ligases. All cullins 
examined have been shown to be modified by attachment of Nedd8, and neddylation of Cull 
has been shown to potentiate the ubiquitin ligase of the SCF complex within which Cull 
resides. Thus, for Cull-based ubiquitin ligases, neddylation serves as a positive regulator of 
activity. However, for other cullin-based ubiquitin ligases, the impact of neddylation remains 
uncertain. 

[0012] The COP9/signalosome (hereafter referred to as CSN) was originally identified as 
a regulator of photomorphogenetic development in plants. In seedlings grown in the dark, 
CSN enables a putative ubiquitin ligase known as COP1 to mediate rapid turnover of the 
transcriptional regulatory protein HY5 in the nucleus. In seedlings that have been exposed to 



light or in CSN mutants, COP1 redistributes from the nucleus to the cytoplasm, thereby 
stabilizing HY5 and allowing it to accumulate in the nucleus. HY5, in turn, activates the 
transcription of a broad palette of genes that mediate photomorphogenetic development. 
Although the general physiological role of CSN in photomorphogenesis has been defined, 
little is known about other potential physiological functions for CSN, and the biochemical 
function of CSN remains completely elusive. It has been suggested that CSN might play a 
role in ubiquitin-dependent proteolysis, based on the observation that the eight subunits of 
CSN share homology to subunits of the lid subcomplex of the 19S regulator of the 26S 
proteasome. However, a similar pattern of homology is shared with subunits of the 
eukaryotic initiation factor-3 (eIF3) complex. Besides plants, CSN complexes have been 
discovered in human cells, Drosophila, and the fission yeast Schizosaccharomyces pombe. 
Surprisingly, the budding yeast Saccharomyces cerevisiae does not contain an apparent CSN 
complex, but does contain a gene homologous to the CSN5/JAB1 subunit of CSN complex, 
thereby implicating CSN5 as being the critical component of CSN. 

[0013] There is a need in the art to identify the active domain and site of peptidase 
activity, e.g., isopeptidase activity of a protein involved in deconjugation of a modifier 
protein from a target protein, e.g., de-neddylation or de-ubiquitination and use such active 
site for drug design. There is also a need in the art to provide screening methods for agents 
capable of affecting the peptidase activity, e.g., isopeptidase activity of a protein and use such 
agents to treat relevant conditions. 

SUMMARY OF THE INVENTION 

[0014] The present invention is based on the discovery that the JAB subunit, more 
specifically the JAM domain is responsible for the peptidase activity of a protein, e.g., the 
protein's ability of cleaving a peptide bond between the carboxy terminus of a modifier 
protein and a free amino group of a target protein. The present invention provides 
polypeptides and crystalline polypeptides containing the JAM domain and methods of using 
such domain to treat conditions associated with peptidase activity, especially isopeptidase 
activity and methods to screen for agents that are capable of modulating its peptidase activity. 
The present invention also provides methods of using such domain to identify or design 
compounds that are candidates for modulators of the peptidase activity. 



[0015] In one embodiment, the present invention provides an isolated polypeptide 
containing a JAM domain consisting essentially of an amino acid sequence of 
HXHXXXXXXXXXXD (SEQ ID NO. 1), wherein H is histidine, D is aspartate, and X is 
any amino acid and wherein the JAM domain is not adjacent to an amino acid sequence that 
is naturally adjacent to the domain. 

[0016] In another embodiment, the present invention provides an isolated crystalline 
polypeptide containing a JAM domain consisting essentially of an amino acid sequence of 
HXHXXXXXXXXXXD, wherein H is histidine, D is aspartate, and X is any amino acid. 

[0017] In yet another embodiment, the present invention provides an isolated monoclonal 
antibody that specifically binds to an epitope within a JAM domain of a polypeptide, wherein 
the JAM domain consists essentially of an amino acid sequence of HXHXXXXXXXXXXD, 
l& wherein H is histidine, D is aspartate, and X is any amino acid. 

j: I 

O [0018] In still another embodiment, the present invention provides a method of identifying 

2j an inhibitor of a polypeptide by rational drug design. The polypeptide comprises a JAM 

MJ domain consisting essentially of an amino acid sequence of HXHXXXXXXXXXXD, 

III 

[sj wherein H is histidine, D is aspartate, and X is any amino acid. The method comprises 

^ designing a potential inhibitor for the polypeptide that will form a bond with the JAM domain 

•Issa? 

iU based upon the crystal structure co-ordinates of the polypeptide, synthesizing the inhibitor, 

^ and determining whether the potential inhibitor inhibits the activity of the polypeptide. 

m [0019] In another embodiment, the present invention provides a method of deconjugating 

a modifier protein from a target protein. The modifier protein is conjugated to the target 
protein via a peptide bond between the carboxy terminus of the modifier protein and a free 
amino group of the target protein. The method comprises contacting the target protein to a 
polypeptide comprising a JAM domain consisting essentially of an amino acid sequence of 
HXHXXXXXXXXXXD, wherein H is histidine, D is aspartate, and X is any amino acid. 

[0020] In another embodiment, the present invention provides a method of screening for 
an agent that affects deconjugation of a modifier protein from a target protein. The modifier 
protein is conjugated to the target protein via a peptide bond between the carboxy terminus of 
the modifier protein and a free amino group of the target protein. The method comprises 
incubating in the presence and absence of a test agent, the target protein and a polypeptide 
comprising a JAM domain consisting essentially of an amino acid sequence of 
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HXHXXXXXXXXXXD, wherein H is histidine, D is aspartate, and X is any amino acid and 
determining the effect of the test agent. An increase or decrease in the amount of the target 
protein not conjugated to the modifier protein caused by the test agent is indicative of an agent 
affecting deconjugation of the modifier protein from the target protein. 

[0021] In another embodiment, the present invention provides an agent identified by the 
method of the present invention. 

[0022] In another embodiment, the present invention provides a method of increasing 
conjugation of a modifier protein to a target protein. The modifier protein is conjugated to 
the target protein via a peptide bond between the carboxy terminus of the modifier protein 
and a free amino group of the target protein in a cell comprising inhibiting the activity of a 
polypeptide comprising a JAM domain consisting essentially of an amino acid sequence of 
HXHXXXXXXXXXXD, wherein H is histidine, D is aspartate, and X is any amino acid, 
thereby increasing the conjugation of the modifier protein to the target protein. 

[0023] In still another embodiment, the present invention provides a method of treating a 
condition of neoplastic growth, angiogenesis, infection, chronic inflammation, asthma, 
ischemia and reperfiision injury, multiple sclerosis, rheumatoid arthritis, or psoriasis. The 
method comprises administering an agent identified by the method of the present invention to 
a subject in need of such treatment. 

SUMMARY OF THE FIGURES 

[0024] Figure 1 shows the sequence alignment of human AMSH proteins with human 
JAB1 and Rpnl 1. Conserved active site residues are boxed. 

[0025] Figure 2 shows the sequence alignment of AMSH, AMSH1, and AMSH2. The 
critical conserved active site residues are boxed. 

[0026] Figure 3 shows that sequence alignment of COP9 subunit 5 9CSN5/JAB1) 
orthologs from different eukaryotic species reveals conserved histidine, serine, and aspartate 
residues that are also found in a set of prokaryotic and archaebacterial proteins. 



[0027] Figure 4 shows the alignment of Rpnl 1 orthologs (Padl) and CSN5/JAB1 
orthologs from different species. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0028] The present invention relates in general to active sites responsible for the peptidase 
activity, e.g., isopeptidase activity of a protein. It is a discovery of the present invention that 
a polypeptide containing the JAB subunit, more specifically the JAM domain has peptidase 
activity, e.g., cleavage of a peptide bond between the carboxy terminus of a modifier protein 
and a free amino group of a target protein. Polypeptides containing the JAB subunit, more 
specifically the JAM domain can be used to treat conditions associated with the peptidase 
activity, screen for agents capable of modulating the peptidase activity, and identify or design 
compounds that are candidates for modulators of the peptidase activity. 

[0029] According to the present invention, a modifier protein can be deconjugated, 
removed, or separated from a target protein by exposing or contacting the target protein to a 
polypeptide containing a subunit characterized as JAB subunit or a domain characterized as 
JAM domain. The modifier protein is usually associated with a target protein via a peptide 
bond between the carboxy terminus of the modifier protein and a free amino group of the 
target protein. A free amino group generally includes, without limitation, an amino group of 
the amino terminus of a polypeptide or the epsilon amino group of lysine residues of a 
polypeptide. 

[0030] According to the present invention, the JAB subunit may be the JAB1 subunit of 
COP9/signalsome (CSN) as disclosed in figure 1 (SEQ ID NO. 3) or the Rpnl 1 subunit of 
26S proteasome as disclosed in figure 1 (SEQ ID NO. 4). A polypeptide subunit can be 
characterized as JAB subunit if it has the sequence characteristics of the JAB1 or Rpnl 1 
subunit. Normally a polypeptide subunit is deemed to have the sequence characteristics of 
the JAB1 or Rpnl 1 subunit if it contains the JAM domain or is a homolog or ortholog of 
JAB1 or Rpnll subunit. For example, figure 3 shows various orthologs of JAB 1 from 
different species while figure 4 shows various orthologs of Rpnl 1 and JAB1 including an 
alignment of orthologs of Rpnl 1 and JAB1 from different species. 



[0031] Polypeptides containing a subunit characterized as JAB subunit can be any known 
or to be discovered polypeptides, proteins, or complexes thereof. For example, the 
polypeptides may be a polypeptide complex of CSN containing JAB1 subunit, 26S 
proteasome containing Rpnl 1, AMSH, AMSH1, AMSH2, or C6-1A. CSN has previously 
been identified as a regulator of photomorphogenetic development in plants. 26S proteasome 
is involved in various activities, e.g., ubiquitin/26S proteasome pathway while AMSH, 
AMSH1, and AMSH2 are involved in cytokine signaling, TGF-p signaling, and survival of 
hippocampal neurons. C6-1A has been observed to be fused to the T cell receptor alpha 
chain gene by a chromosomal translocation in a patient with T-cell leukemia. 

[0032] According to one embodiment of the invention, the deconjugation, removal, or 
separation of a modifier protein from a target protein is achieved by exposing or contacting 
the target protein to a polypeptide containing a domain characterized as the JAM domain. 
The JAM domain of the present invention includes any domain containing the amino acid 
sequence of HXHXXXXXXXXXXD (SEQ ID NO. 1), with H being histidine, D being 
aspartate, and X being any amino acid. In one embodiment, the JAM domain is any domain 
having an amino acid sequence of GW(Y/I)H(S/T)HPXXXXXXSXXD (SEQ ID NO. 2), 
with G being glycine, W being tryptophan, Y being tyrosine, I being isoleucine, H being 
histidine, P being proline, S being serine, T being threonine, D being aspartate, X being any 
amino acid, Y/I being either Y or I, and S/T being either S or T. 

[0033] In another embodiment, the JAM domain is from a human protein and has the 
amino acid sequence of SEQ ID NO. 2. In yet another embodiment, the JAM domain 
includes any domain having the same peptidase activity, e.g., isopeptidase activity of a 
domain containing the amino acid sequence of SEQ ID NO. 1 or SEQ ID NO. 2. In still 
another embodiment, the JAM domain contains a metalloenzyme, e.g., metalloprotease active 
site and provides peptidase activity, e.g., isopeptidase activity. 

[0034] One feature of the present invention provides isolated polypeptides containing a 
domain characterized as the JAM domain. For example, the present invention provides an 
isolated polypeptide containing the JAM domain which is not surrounded by or adjacent to 
any amino acid sequences that are naturally adjacent to such JAM domain. 

[0035] Another feature of the present invention provides isolated crystalline polypeptides 
containing the JAM domain. The crystalline polypeptides can be made by any suitable 
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means known to one skilled in the art. For example, polypeptides containing the JAM 
domain can be crystallized by equilibrating saturated solutions of the polypeptides with salts, 
volatile organic compounds, and other organic compounds at various controlled 
temperatures . 

[0036] Yet another feature of the present invention provides isolated monoclonal 
antibodies that specifically bind to an epitope within the JAM domain. Such monoclonal 
antibodies can be prepared by any means known to one skilled in the art. For example, whole 
or partial amino acid sequences of the JAM domain can be used as an antigen to obtain 
monoclonal antibodies. In one embodiment, the amino acid sequence used as antigen 
contains the histidine or aspartate in SEQ ID NO. 1 or SEQ ID NO. 2. 

[0037] Polypeptides containing the JAM domain include all known or to be discovered 
polypeptides, proteins, or complexes thereof. For example, Table 1 shows various 
polypeptides, proteins, or fragments thereof from different species that contain the JAM 
domain. 



Table 1. JAM-Domain-Containing Proteins From Model Organisms* 



Bacteria 

Most bacteria encode one and some 2-4 paralogs of the DNA repair protein 
RadC, which is a distinct version of the JAM domain. 

In addition: 

Aquifex aeolicus [aquificales] taxid 63363 
gi|15606783|reflNP_214163.1| (NC_000918) hypothetical prot... 

Mycobacterium tuberculosis H37Rv [high GC Gram+] taxid 83332 
gi|15608474|reflNP_215850.1| (NC_000962) hypothetical prot... 

Synechocystis sp. PCC 6803 [cyanobacteria] taxid 1148 

gi| 163302 14|ref]NP_440942.1 1 (NC_000911) unknown protein [... 

Deinococcus radiodurans [eubacteria] taxid 1299 
gi|15805429|ref]NP_294125.1| (NC_001263) conserved hypothe... 

Pseudomonas aeruginosa [g-proteobacteria] taxid 287 
gi|15595836|reflNP_249330.1| (NC_002516) conserved hypothe... 
gi|15597298|reflNP_250792.1| (NCJ)02516) hypothetical prot... 

Coxiella burnetii [g-proteobacteria] taxid 777 



gi|10956045|ref]NP_052867.1| (NC_002131) hypothetical prot... 
gi|1070034|emb|CAA63684.1| (X93204) orf 112 [Coxiella burn... 
gi| 1095601 l|ref|NP_052361.1 1 (NC_002118) orf 169; similari... 

Archaea 

Pyrococcus abyssi [euryarchaeotes] taxid 29292 

gi|14520886|ref|NP_126361.1| (NC_000868) hypothetical prot... 

gi|14521781|reflNP_127257.1| (NC_000868) hypothetical prot... 

Methanothermobacter thermautotrophicus [euryarchaeotes] taxid 145262 

gi|15678989|reflNP_276106.1| (NC_000916) unknown [Methanot... 

Halobacterium sp. NRC-1 [euryarchaeotes] taxid 64091 

gi| 16554503 |ref|NP_444227.1 1 (NC_002607) Uncharacterized c... 

gi|15789943|reflNP_279767.1| (NC_002607) Vng0778c [Halobac... 

Archaeoglobus fulgidus [euryarchaeotes] taxid 2234 

gi| 1 1 499780|ref]NP_07 1 023 . 1 1 (NC_000917) conserved hypothe... 

Aeropyrum pernix [crenarchaeotes] taxid 56636 

gi|14600889|ref]NP_147414.1| (NC_000854) hypothetical prot... 

Sulfolobus solfataricus [crenarchaeotes] taxid 2287 

gi| 1 589707 1 |ref[NP_341 676. 1 1 (NC_002754) Hypothetical prot... 

Eukarvotes 

Saccharomyces cerevisiae (baker's yeast) [fungi] taxid 4932 

gi| 143 18526|reflNP_l 16659.1 1 (NC_001138) Suppressor of mut... Rpnllp 

gi|6319985|reflNP_010065.1| (NC_001136) Hypothetical ORF; ... Rrilp 

Schizosaccharomyces pombe (fission yeast) [fungi] taxid 4896 
gi|3334476|sp|P41878|PADl_SCHPO PROTEIN PAD1/SKS1 >gi|7493... 
gi| 1 1 28 1 5 1 5 lpir||T44427 hypothetical protein - fission yea... 
gi|74921 19|pir||T37756 jun activation domain binding prote... 
gi|9588467|emb|CAC00558.1| (AL390814) similarity to human ... 

Arabidopsis thaliana (thale cress) [eudicots] taxid 3702 
gi| 1 5 224003 |ref[NP_l 77279. 1 1 (NC_003070) c-Jun coactivator... 
gi|15219970|ref|NP_173705.1| (NC_003070) putative JUN kina... 
gi|15237785|reflNP_197745.1| (NC_003076) 26S proteasome, n... 
gi|l 52297 10|ref|NP_l 87736. 1| (NC 003074) 26S proteasome re... 
gi|15239230|ref|NP_196197.1| (NC_003076) 26S proteasome re... 
gi|15218589|ref]NP_172530.1| (NC_003070) hypothetical prot... 
gi| 1 522 1 964|ref]NP_l 75 3 1 1 . 1 1 (NC_003070) hypothetical prot... 
gi| 1 523 1 308|reflNP_l 87338. 1 1 (NC_003074) unknown protein [... 
gi|5902365|gb|AAD55467.1|AC009322_7 (AC009322) Putative sp... 
gi|5091556|gb|AAD39585.1|AC007067_25 (AC007067) T10O24.25 ... 
gi|6573732|gb|AAF17652.1|AC009398_l (AC009398) F20B24.2 [A... 
gi|15220090|ref]NP_178138.1| (NC_003070) hypothetical prot... 
gi|5902374|gb|AAD55476.1|AC009322_16 (AC009322) Hypothetic... 

Drosophila melanogaster (fruit fly) [flies] taxid 7227 
gi|17137694|ref|NP_477442.1| (NM_058094) CSN5-P1; Drosophi... 
gi|4732109|gb|AAD28608.1|AF129083_l (AF129083) COP9 signal... 
gi|6434964|gb|AAF08394.1|AF145313_l (AF145313) 26S proteas... 
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gi|729 1 779|gb| AAF47 1 99. 1 1 (AE003464) Mov34 gene product [D... 
gi|7301945|gb|AAF57051.1| (AE003774) CG2224 gene product [... 
gi|7303518|gb|AAF58573.1| (AE003823) CG8877 gene product [... 
gi|7297828|gb|AAF53077.1| (AE003631) CG4751 gene product [... 
gi|6752672|gb|AAF27818.1|AF195189_l (AF195189) yippee into... 

Caenorhabditis elegans [nematodes] taxid 6239 
gi|17538322|ref|NP_500841.1| (NM_068440) B0547.1.p [Caenor... 
gi|17553290|ref]NP_498470.1| (NMJ366069) F37A4.5.p [Caenor... 
gi| 1 753 5 703 |ref]NP_4947 1 2. 1 1 (NM_062311) K07D4.3.p [Caenor... 
gi|17508685|reflNP_491319.1| (NMJ)58918) R12E2.3.p [Caenor... 

Homo sapiens (human) [mammals] taxid 9606 
gi| 1 2734403 |reflXP_0 1 1 7 1 3 . 1 1 (XM011713) COP9 (constitutiv... 
gi|503 1981 |ref]NP__005796. 1 [ (NM_005805) 26S proteasome-ass... 
gi|7243 1 27 |dbj |B AA926 1 1 . 1 1 (AB037794) KIAA1373 protein [Ho... 
gi|5453545|re^NP_006454.1| (NM_006463) associated molecul... 
gi| 1 6 1 5 820 1 |ref]XP_05 548 1 . 1 1 (XM_055481) KIAA1915 protein ... 
gi|1168719|sp|P46736|C61AJIUMAN C6.1A PROTEIN >gi|2135176|... 
gi|4581082|gb|AAD24592.1|AC007292_2 (AC007292) R31167J, p... 
gi|7717235|gb|AAB30469.2| (S72931) T-cell receptor alpha c... 
g i|14249610|ref]NP_l 16257.1| (NM_032868) hypothetical prot... 

* Each protein is disclosed by accession numbers used in the protein and nucleic acid 
sequence databases (GenBank) maintained by the National Center for Biotechnology 
Information (NCBI; http://www.ncbi.nlm.nih.gov). 

[0038] According to the present invention, a polypeptide containing the JAB subunit or 
JAM domain can additionally include any other amino acid sequences. In one embodiment, a 
polypeptide containing the JAB subunit or JAM domain has other amino acid sequences that 
do not interfere or inhibit the peptidase activity of the JAB subunit or JAM domain. In 
another embodiment, a polypeptide containing the JAB subunit or JAM domain has other 
amino acid sequences that enhance or facilitate the peptidase activity of the JAB subunit or 
JAM domain. 

[0039] In yet another embodiment, a polypeptide containing the JAB subunit or JAM 
domain has other amino acid sequences that are associated with or determine the specificity 
of the peptidase activity of the JAB subunit or JAM domain. In still another embodiment, a 
polypeptide containing the JAB subunit or JAM domain has other amino acid sequences that 
inhibit or decrease the activity of the JAB subunit or JAM domain, and such inhibition can be 
released by a signal, e.g., second messenger, covalent modification, calcium or 
phosphorylation. 
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[0040] The modifier protein of the present invention can be any protein that modifies the 
activity or function of a target protein. In one embodiment, the modifier protein modifies a 
target protein through conjugation and deconjugation to the target protein, e.g., formation and 
cleavage of a peptide bond between the carboxy terminus of the modifier protein and a free 
amino group of the target protein. For example, APG12 and URM1 modifies a target protein 
via forming an isopeptide bond between the carboxy terminus of APG12 or URM1 and a free 
amino group of the target protein. A free amino group of a target protein usually includes, 
without limitation, an amino group of the amino terminus or epsilon amino group of lysine 
residues of the target protein. 

[0041] One major class of modifier proteins is ubiquitin. Proteins destined for 
degradation may be marked by the attachment of a multiubiquitin chain to the side chains of 
lysine residues of the protein. Another class of modifier proteins include ubiquitin-like 
proteins, e.g., NEDD8, UBL1/SUMO, SMT3H2, SMT3H1, FAT 10, Fau, UCRP/ISG15, or 
UBL5. In one embodiment, the modifier protein of the present invention includes any protein 
containing two glycine amino acids at its carboxy terminus after being processed. 

[0042] The target protein of the present invention can be any protein whose activity or 
function is modified by a modifier protein. In one embodiment, a target protein is a protein 
which forms a peptide bond with a modifier protein, e.g., a peptide bond between the carboxy 
terminus of the modifier protein and a free amino group of the target protein. In another 
embodiment, a target protein is specific to a class of modifier proteins. 

[0043] For example, the target protein of the present invention may be cullin proteins such 
as Cull, Cul2, Cul3, Cul4A, Cul4B, and Cul5, which are known to be the target proteins of 
Nedd8. In one embodiment, the target protein of the present invention includes any protein 
having ubiquitin ligase activity or is part of a protein complex having ubiquitin ligase 
activity. In another embodiment, the target protein of the present invention includes any 
protein to which ubiquitin conjugates for processing or degradation, e.g., p53, IkB, NF-kB, 
p-adrenergic receptor, cyclin E, p27 Kipl , etc. 

[0044] According to one embodiment of the present invention, the target protein used in 
the screening assays provided by the present invention can be any protein that produces a 
detectable signal upon deconjugation, removal, or separation from its modifier protein. Such 
detectable signal can be any assayable signal including, without limitation, enzymatic, 
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spectroscopic, fluorescent, or functional signals, or a signal produced upon specific molecular 
interaction. For example, the target protein can be an enzyme such as peroxidase, alkaline 
phosphatase, and luciferase. The target protein can also be a fluorescent protein obtained via 
protein modification or a naturally fluorescent protein including, without limitation green 
fluorescent protein, yellow fluorescent protein, cyan fluorescent protein, dsRed, and the 
derivatives thereof. 

[0045] In one embodiment, the target protein of the present invention is used in the 
screening assays of the present invention with a 26S proteasome and may be any protein that 
can structurally fit or refold within the inner chamber of a 20S proteasome. Normally the 
inner chamber of a 20S proteasome can structurally accommodate any protein that is 70 kD 
or less. 

[0046] According to the present invention, a target protein is deconjugated, removed, or 
separated from its modifier protein by being exposed or contacted to a polypeptide having the 
JAB subunit or JAM domain. Such exposure or contact may be in vivo via administering the 
polypeptide to a subject in need of such treatment or in vitro via incubating the polypeptide 
with the target protein. In one embodiment, an inhibitor of a polypeptide having the JAB 
subunit or JAM domain can be used to increase the association of a modifier protein to a 
target protein in vitro or in vivo. 

[0047] According to another aspect of the invention, a polypeptide having the JAB subunit 
or JAM domain can be used for screening assays for agents that affect the deconjugation, 
removal, or separation of a modifier protein from a target protein. The screening assays 
provided by the present invention can be carried out by incubating in the presence and 
absence of a test agent, a target protein, e.g., conjugated with a modifier protein and a 
polypeptide containing the JAB subunit or JAM domain, and determining the effect of the 
test agent. 

[0048] Normally an increase or decrease in the amount of the target protein not conjugated 
to the modifier protein caused by the test agent is indicative of an agent capable of affecting 
deconjugation, removal, or separation of the modifier protein from the target protein. For 
example, a test agent decreasing the amount of the target protein not conjugated to the 
modifier protein is indicative of an agent decreasing the deconjugation of the modifier protein 
from the target protein. 
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[0049] In one embodiment, the polypeptide used in the screening assays provided by the 
present invention is a polypeptide complex of 26S proteasome while the modifier protein is 
ubiquitin. The polypeptide complex of 26S proteasome can be obtained by any suitable 
means available in the art. For example, 26S proteasome can be purified from eukaryotic 
cells or tissues, e.g., S. cerevisiae or human. 

[0050] In another embodiment, the incubation in the presence and absence of a test agent, 
a target protein, and 26S proteasome of the screening assays provided by the present 
invention is earned out in the presence of a 20S inhibitor or an inhibitor of the degradation 
process associated with the de-ubiquitination process of the 26S proteasome pathway. Any 
20S inhibitor or inhibitor of the degradation process can be used for the purpose of the 
present invention. For example, a 20S inhibitor can be MG132, lactacystin, epoxomycin, PS- 
349, PS-519, LLnL, or the derivatives thereof. In general, such inhibitor prevents or 
decreases the degradation of a target protein that is not conjugated to a modifier protein, e.g., 
ubiquitin. 

[0051] In yet another embodiment, the incubation is conducted further in the presence of 
an energy source, e.g., ATP. In still another embodiment, the incubation is conducted further 
in the presence of an inhibitor of deubiquitination by a conventional ubiquitin isopeptidase, 
e.g., an ubiquitin isopeptidase other than those that associated with a JAB subunit such as 26S 
proteasome. One example of such inhibitor is ubiquitin aldehyde, e.g., at 2-5 ^iM. 

[0052] The test agent used for the screening methods of the present invention can be any 
agent from any library of compounds or molecules. In one embodiment, the test agent is 
selected or derived from compounds likely to inhibit the activity of metalloproteinase, e.g., 
compounds having zinc-binding functionality. For example, the test agent can be any 
compounds having a hydroxamate moiety or a member of a hydroxamate compound library, 
reverse hydroxamate compound library, thiol compound library, carboxylate compound 
library, or phosphonic acid compound library. 

[0053] According to another aspect of the present invention, the JAM domain can be used 
for rational drug design or as a guide for identifying agents that are capable of affecting the 
activity of the JAM domain or any polypeptide containing the JAM domain, e.g., identify 
inhibitors of the JAM domain. In one embodiment, the structure coordinates or atomic 
coordinates of the JAM domain or any polypeptide containing the JAM domain are used to 
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design a potential inhibitor that will form a covalent or non-covalent bond with one or more 
amino acids within the JAM domain or metal ions bound by the JAM domain. In another 
embodiment, the potential inhibitor is designed to form a covalent bond or non-covalent bond 
with histidine or aspartate of the JAM domain. Such designed potential inhibitor can be 
synthesized by any suitable means and be tested for their ability to inhibit the activity, e.g., 
peptidase activity of the JAM domain. 

[0054] The structure or atomic coordinates of the JAM domain or a polypeptide 
containing the JAM domain refer to mathematical coordinates derived from mathematical 
equations related to the patterns obtained on diffraction of a monochromatic beam of X-rays 
by the atoms (scattering centers) of the JAM domain or the polypeptide containing the JAM 
domain in crystal form. The diffraction data normally are used to calculate an electron 
density map of the repeating unit of the crystal. The electron density maps are generally used 
to establish the positions of the individual atoms within the unit cell of the crystal. 

[0055] Various methods can be used to obtain the structure or atomic coordinates of the 
JAM domain or a polypeptide containing the JAM domain. For example, three dimensional 
diffraction data for a polypeptide containing the JAM domain can be collected at 
temperatures ranging from 100-274 K using an area detector and radiation from a rotating- 
anode X-ray generator and from the Stanford synchrotron. These data, along with data 
collected from a heavy atom derivative of the polypeptide, can be processed and the structure 
can be solved by methods which make use of the isomorphous differences between a 
derivative and native polypeptide and/or make use of the anomalous X-ray scattering from 
the heavy atom in the derivative. In one embodiment, the structure or atomic coordinates of 
one JAM containing polypeptide can be solved by using the phases of another JAM 
containing polypeptide structure or sections thereof that has already been previously 
determined. High resolution data sets can be solved by direct methods. 

[0056] According to another aspect of the present invention, any agent that is capable of 
inhibiting or decreasing the deconjugation, removal, or separation of a modifier protein from 
a target protein can be used therapeutically to treat various conditions associated with protein 
regulation, e.g., de-ubiquitination or de-neddylation. For example, any agent identified by 
the screening methods of the present invention that is able to decrease the deconjugation of a 
modifier protein from a target protein, e.g., an inhibitor of the isopeptidase activity of 26S 
proteasome can be used therapeutically to treat neoplastic growth, angiogenesis, infection, 



15 



chronic inflammation, asthma, ischemia and reperfusion injury, multiple sclerosis, 
rheumatoid arthritis, and psoriasis. 

[0057] The agents of the present invention useful for therapeutic treatment can be 
administered alone, in a composition with a suitable pharmaceutical carrier, or in 
combination with other therapeutic agents. An effective amount of the agents to be 
administered can be determined on a case-by-case basis. Factors should be considered 
usually include age, body weight, stage of the condition, other disease conditions, duration of 
the treatment, and the response to the initial treatment. Typically, the agents are prepared 
as an injectable, either as a liquid solution or suspension. However, solid forms suitable for 
solution in, or suspension in, liquid vehicles prior to injection can also be prepared. The 
agent can also be formulated into an enteric-coated tablet or gel capsule according to known 
methods in the art. The agents of the present invention may be administered in any 

way which is medically acceptable which may depend on the disease condition or injury 
being treated. Possible administration routes include injections, by parenteral routes such as 
intravascular, intravenous, intraepidural or others, as well as oral, nasal, ophthalmic, rectal, 
topical, or pulmonary, e.g., by inhalation. The agents may also be directly applied to tissue 
surfaces, e.g., during surgery. Sustained release administration is also specifically included 
in the invention, by such means as depot injections or erodible implants. 

EXAMPLES 

[0058] The following examples are intended to illustrate but not to limit the invention in 
any manner, shape, or form, either explicitly or implicitly. While they are typical of those 
that might be used, other procedures, methodologies, or techniques known to those skilled in 
the art may alternatively be used. 

Example 1. De-Ubiquination By 26S Proteasome 

[0059] To demonstrate that an isopeptidase activity associated with the 26S proteasome 
can deubiquitinate a target polypeptide in vitro, experiments were conducted to incubate 
multiubiquitinated Sicl substrate (300 nM) for 0 or 5 minutes at 25°C in the presence of 
purified 26S proteasome (100 nM), epoxomicin (100 jliM), and ubiquitin aldehyde (5 pM). 

[0060] Epoxomicin was included to uncouple the deubiquitination and degradation of a 
substrate by the 26S proteasome, since these two processes are normally tightly coupled. 
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Epoxomicin forms a covalent adduct with the catalytically active N-terminal threonine 
residues of beta subunits of the 20S proteasome, thereby eliminating the proteolytic activity 
of this particle. At the end of the incubation, samples were supplemented with SDS-PAGE 
sample buffer, fractionated on an SDS-polyacrylamide gel, transferred to nitrocellulose, and 
immunoblotted with antibodies directed against Sicl. Filter-bound antibodies were decorated 
with goat-anti-rabbit antibody conjugated to horse radish peroxidase and visualized with ECL 
reagents. 

[0061] This experiment demonstrated that inhibition of 20S peptidase activity is required 
to observe the production of deubiquitinated Sicl by 26S proteasome. In the absence of 
epoxomicin, ubiquitinated Sicl was completely degraded by the 26S proteasome . hi the 
presence of epoxomicin, the Sicl was not degraded, but the majority of it was deubiquitinated 
such that the input substrate was converted from a heterogeneous smear of >220 KD to a 
discrete species of -40 KD, which corresponds to Sicl lacking any covalently attached 
ubiquitin molecules. 

[0062] To test if this reaction is dependent upon ATP, multiubiquitinated Sic 1 substrate 
(300 nM) and purified 26S proteasome (100 nM) were incubated in the presence or absence 
of epoxomicin (100 jxM), glucose (30 mM) plus hexokinase (5 U/ml), apyrase (15 U/ml), and 
ubiquitin vinyl sulfone (Ub-PVS; 2.5 nM) as indicated. This experiment revealed that 
ATP is required to observe the deubiquitination of target polypeptide by purified 26S 
proteasome. Specifically, in the presence of multiubiquitinated Sicl substrate, 26S 
proteasome (which contains ATP), and epoxomicin, the input substrate was converted from a 
heterogeneous smear of >220 KD to a discrete species of -40 KD, which corresponds to Sicl 
lacking any covalently attached ubiquitin molecules. However, in the additional presence of 
apyrase or glucose plus hexokinase (both of which consume ATP), no deubiquitination of the 
multiubiquitinated Sicl substrate was observed. This reaction was not sensitive to ubiquitin 
vinyl sulfone, which is an inhibitor of conventional ubiquitin isopeptidases. 

[0063] These data demonstrate that the 26S proteasome recognizes a ubiquitinated 
substrate, and begins to translocate it into the internal cavity of the 20S proteasome, where it 
is degraded. As the substrate is being translocated into the 20S proteasome, the ubiquitin 
chains are clipped off by a previously unknown isopeptidase that is in the 26S proteasome. 
Under normal circumstances this is not detected because substrate degradation and removal 
of the ubiquitin chains occurs contemporaneously. However, in the presence of an inhibitor 



17 



of the 20S peptidases, the substrate is completely deubiquitinated and translocated into the 
central cavity of the 20S proteasome, but is not degraded. Hence the deubiquitinated product 
is readily detected 

[0064] Mass spectrometric analysis of affinity-purified yeast 26S proteasome that is active 
in deubiquitinating Sicl revealed only a single deubiquitinating enzyme: Ubp6 (Verma et al., 
Mol Biol Cell 11 :3425 (2000)). However, 26S proteasome purified from a ubp6A mutant 
yeast strain and assayed as described above was fully competent to deubiquitinate 
multiubiquitinated Sicl to yield Sicl lacking any covalently attached ubiquitin molecules.. 

[0065] The above demonstrations enable an assay wherein the substrate is observed to be 
converted from a ubiquitinated molecule to a deubiquitinated molecule. There are many 
straightforward procedures by which this conversion can be monitored. For example, the 
removal of a multiubiquitin chain from a protein can change enzymatic, spectroscopic, 
fluorescent, or molecular interaction properties of the ubiquitinated protein. As one specific 
example, a protein that emits light e.g., luciferase will be made inactive due to the attachment 
of multiubiquitin chains. 

[0066] The multiubiquitin chains will be attached by enzymatic, chemical, molecular 
genetic, or a combination of these methods. The cleavage of ubiquitin chains from the 
inactive luciferase substrate as it is being translocated into the inner cavity of the 20S 
proteasome in the presence of a 20S peptidase inhibitor will enable the luciferase to fold and 
thereby acquire the ability to emit light upon ATP hydrolysis. 

[0067] The inner chamber of the 20S proteasome can accommodate a folded protein of 
approximately 70 kD. Therefore, any protein domain less than 70 kD whose enzymatic, 
spectroscopic, fluorescent, or molecular interaction properties can be reversibly altered by 
attachment of ubiquitin or a multiubiquitin chain can be used as a substrate to monitor 
ubiquitin isopeptidase activity of the 26S proteasome based on the methods that are disclosed 
herein. 

[0068] Inhibition of the 26S proteasome's ability to degrade proteins by blockage of 
ubiquitin isopeptidase activity would be applicable to the treatment of cancer, ischemia and 
reperfusion injury, and diseases characterized by excessive inflammation or autoimmune 
responses, including asthma, rheumatoid arthritis, psoriasis, and multiple sclerosis. 



18 



[0069] To test whether the deconjugation of ubiquitin from a substrate protein is required 
for its degradation, we evaluated the degradation of an ubiquitin-proteasome pathway 
substrate in cells deficient in Rpnl 1-asssociated metalloprotease activity. A set of four 
congenic strains was generated: MPR (wild type), mprl-1, mprl-1 harboring an integrated 
copy of RPN11 in which the codons for histidine 109 and 1 1 1 have been mutated to alanine 
{mprl-1 leu2::LEU2 - rpnllAxA\ and mprl-1 harboring an integrated copy of wild type 
RPN1 1 {mprl-1 leu2::LEU2 - RPN11). mprl-1 is a temperature-sensitive allele of RPN11, 
and complementation tests demonstrated that wild type RPN11 but not rpnllAxA was able to 
complement the temperature-sensitive growth defect of mprl-1. 

[0070] All of the strains described above were transformed with a plasmid that encodes 
Ub V76 Val-e AK -pGal, which is an unstable protein that is degraded via the ubiquitin- 
proteasome pathway. All strains were pulse-radiolabeled with 35 S-Translabel for 5 min at 
37°C, and then at time 0 a chase was initiated by addition of 10 mM cold methionine and 500 
Hg/ml cycloheximide. At 7, 14, and 22 minutes following the initiation of chase, aliquots of 
the culture were removed and processed for immunoprecipitation with antibodies directed 
against p-galactosidase. Immunoprecipitated proteins were fractionated by SDS-PAGE and 
visualized by autoradiography. 

[0071] The data demonstrated that the normally unstable Ub^Val-e^-pGal reporter was 
dramatically stabilized in mprl-1 cells. Rapid turnover of the test protein in mprl-1 cells was 
restored by an integrated copy of RPN11, but not rpnllAxA. Thus, the metalloprotease 
active site of Rpnl 1 was required for rapid turnover of proteins by the ubiquitin-proteasome 
pathway in vivo. 

[0072] This result was further confirmed in vitro. We demonstrated that purified 26S 
proteasomes that lack critical metalloprotease active site residues of Rpnl 1 were unable to 
deubiquitinate and degrade ubiquitinated Sicl. 26S proteasomes were affinity-purified from 
Saccharomyces cerevisiae cells in which the PRE1 gene was modified to encode a Prel 
polypeptide tagged with a FLAG epitope, as described (Verma et al., 2000 Mol Biol Cell 
11:3425). 

[0073] Wild type 26S proteasome was purified from a strain with the genotype 
prel::PREl-FLAG-HIS6 (URA3) his3-ll ade2-l 112 trpl-A2 canl-100, mprl-1, 
leu2::LEU2-RPNll, and mutant 26S proteasome was purified from a strain with the 
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genotype prel::PREl-FLAG-HIS6 (URA3) his3-ll ade2-l 112 trpl-M canl-100, mprl-1, 
leu2::LEU2-rpnllAXA. 

[0074] Purified proteasomes were evaluated by immunoblotting with antibodies directed 
against Schizosaccharomyces pombe Padl, which cross-reacted with Rpnl 1. Wild type and 
point mutant Rpnl 1 polypeptides were readily distinguished from Mprl-1 polypeptide, 
because the latter is truncated due to a frameshift mutation. The immunoblot analysis 
revealed that both wild type and mutant proteasomes contained only full-length Rpnl 1 
polypeptide, and none of the truncated Mprl-1 polypeptide was detected. Thus, the results 
we obtained are directly attributable to the properties of the Rpnl 1 and Rpnl 1 Ax A proteins 
since no Mprl-1 protein is present. Mass spectrometric analysis confirmed that the wild type 
and mutant proteasomes were of equal composition, and all subunits were present. 

[0075] To evaluate their activity, wild type and Rpnl lAxA mutant 26S proteasomes (100 
nM) were incubated with ubiquitinated Sicl (300nM) plus ATP (2mM) in the presence or 
absence of 100 \iM epoxomicin for 0 or 5 minutes at 25°C, as indicated. Reactions were 
terminated by the addition of SDS-PAGE sample buffer, fractionated by SDS-PAGE, 
transferred to nitrocellulose, and immunoblotted with antibodies directed against Sicl. Filter- 
bound antibodies were decorated with goat-anti-rabbit antibody conjugated to horse radish 
peroxidase and visualized with ECL reagents. The data demonstrated that mutant 
proteasomes were unable to degrade multiubiquitinated Sicl even in the absence of 
epoxomicin, and were unable to deubiquitinate multiubiquitinated Sicl (ie to convert 
multiubiquitinated Sicl from a heterogeneous smear of >220 KD to a discrete species of 
-40 KD, which corresponds to Sicl lacking any covalently attached ubiquitin molecules) in 
the presence of epoxomicin. 

Example 2. De-Neddylation By COP9 Signalsome (CSN) 

[0076] To identify a putative active site within the CSN complex that might mediate its 
ability to promote the cleavage of Nedd8-cullin conjugates, we subjected all eight known 
subunits of the CSN to sequence analysis by computer. Detailed inspection revealed that the 
Jabl subunit contains conserved histidines and a conserved aspartic acid that are reminiscent 
of zinc-coordinating residues in a metallo-beta-lactamase. An alignment of these residues is 
presented in Figure 3. 
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[0077] On the basis of this analysis, we hypothesized that CSN represents the founding 
member of a novel class of metalloprot eases. To test this hypothesis, we performed the 
following experiments. First, we evaluated the effect of a divalent cation chelator on the 
Nedd8 conjugate cleavage activity associated with CSN. Mutant csn5A S. pombe cell extract 
that contained neddylated Pcul was incubated with either no additions (-) or following 
addition (+) of wild type lysate (which contained active CSN) supplemented with either 
methanol vehicle (MeOH), 1 mM 1,10-phenanthroline (O-PT), or 1 mM, 10 mM, or 20 mM 
EDTA. 

[0078] Reactions were incubated 30 minutes at 30°C and terminated by addition of SDS- 
PAGE sample buffer, fractionated on an SDS-polyacrylamide gel, transferred to 
nitrocellulose, and immunoblotted with antibodies directed against S. pombe Cull. Filter- 
bound antibodies were decorated with goat-anti-rabbit antibody conjugated to horse radish 
peroxidase and visualized with ECL reagents (Lyapina, S., et aL, Science 18:1382-5 (2001)). 

[0079] The data demonstrated that no inhibition was seen with 1 mM EDTA, and less than 
50% inhibition was seen with 10 mM EDTA. However, 20 mM EDTA almost completely 
inhibited the reaction. In the context of this description, 'inhibition' means that Nedd8 was 
not deconjugated from Cull upon addition of CSN, whereas £ no inhibition' means that NeddS 
was efficiently deconjugated from Cull upon addition of CSN. The status of Nedd8 
conjugation to Cull was determined by the mobility of Cull on the SDS-polyacrylamide gel. 
Nedd8 -conjugated Cull migrated more slowly than unmodified Cul. 

[0080] It is known that some metal-dependent enzymes are relatively insensitive to 
inhibition by EDTA, but are nevertheless potently inhibited by the chelator 1,10- 
phenanthroline. Intriguingly, 1,10-phenanthroline at 1 mM completeley inhibited the Nedd8 
conjugate cleavage activity of CSN. Thus, biochemical data suggested that CSN is in fact a 
metalloprotease. 

[0081] To further confirm the hypothesis that arose from our sequence analysis, we 
individually mutated the conserved histidines and aspartic acid in Schizosaccharomyces 
pombe csn5 + , and tested the ability of each point-mutated gene to complement the cullin 
deneddylation defect of a csn5A mutant (Lyapina, S., et aL, Science 18:1382-5 (2001); Zhou, 
C, et aL, BMC Biochemistry 2:7 (2001)). Wild type S. pombe csn5 + and the indicated 
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mutant derivatives were inserted into the S. pombe expression vector pREP41 and transfected 
into S. pombe csn5A cells. 

[0082] Transformants were evaluated for modification state of Pcul by fractionating cell 
extracts on an SDS-polyacrylamide gel, transferring fractionated proteins to nitrocellulose, 
and immunoblotting with antibodies directed against S. pombe Cull. Filter-bound antibodies 
were decorated with goat-anti-rabbit antibody conjugated to horse radish peroxidase and 
visualized with ECL reagents. 

[0083] The data from this experiment demonstrated that csn5A cells that contained empty 
vector accumulated Pcul exclusively in the Nedd8-modified form. This accumulation was 
reversed upon expression of wild type csn5 + , but not the H118A, HI 20 A, and D13 IN 
mutants.Thus, the putative active site residues identified by computer analysis are absolutely 
required for CSN activity in deconjugating Nedd8 from Cull in vivo. 

[0084] Based on the data described above, we conclude that CSN is a novel 
metalloprotease. The active site of CSN resides, at least in part, in the Jabl/Csn5 subunit, 
and this active site is proposed to bind a metal ion which initiates hydrolytic attack of the 
isopeptide bonds cleaved by CSN. These findings enable the development of targeted 
screens for compounds that inhibit or enhance the catalytic activity of CSN, and also allow 
for the rationale design of compounds that modulate CSN activity based on knowledge of the 
mechanism of action of other metalloenzymes. 

[0085] Finally, this knowledge might be used for two further purposes. First, we suggest 
it should be possible to re-engineer the specificity of CSN, Jabl, or related proteins to create 
novel isopeptidases with desired specificities. Such enzymes might be useful in a variety of 
applications involving the cleavage of protein cross-links or conjugates. Second, it should be 
possible to isolate or design compounds that inhibit the prokaryotic homologs of Csn5/Jabl. 
These inhibitors may have a number of applications, including use as antibiotics. 

[0086] We have also tested the role of Cys box (Cys 145) in association with CSN's 
ability to deconjugate Nedd8 from Cull, using an in vitro deconjugation assay as described 
above. The experimental data demonstrate that a Jabl mutant in which the conserved 
cysteine of the Cys box (Cys 145) is mutated to alanine has wild-type levels of Nedd8 
conjugate cleavage activity. 
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Example 3. AMSH, AMSH1, And AMSH2 

[0087] As discussed above, we have documented the existence of a novel metalloprotease 
active site motif that we have dubbed the JAM domain (for Jab 1 -associated metalloenzyme 
motif). The Rpnl 1 subunit of the 26S proteosome and the Csn5 subunit of the COP9- 
signalosome (CSN) both contain a JAM domain. We have provided direct evidence that the 
JAM domain of Csn5 is essential for the Nedd8 isopeptidase activity of CSN, and the JAM 
domain of Rpnl 1 is essential for the ubiquitin isopeptidase activity of the 26S proteosome. 

[0088] Our data teach that eukaryotic JAM domain proteins contain isopeptidase activity 
that deconjugate modifier proteins from target proteins, wherein the carboxy terminus of the 
modifier protein is attached via a peptide bond to a free amino group of the target protein, 
including but not restricted to the amino terminus and the epsilon amino group of lysine 
residues in the target protein. 

[0089] In addition to Csn5 and Rpnl 1, there are many proteins expressed in human cells 
that contain an intact JAM domain, (see Table 1) The AMSH proteins have been implicated 
in cytokine signaling, TGF-b signaling, and survival of hippocampal neurons (Ishii, N., et al., 
Mol Cell Biol 24:8626-37 (2001); Itoh, F., et al., EMBO J. 15:4132-42 (2001); Tanaka, N., 
et al, J Biol Chem. 27:19129-35 (1999)). 

[0090] Our data teach that the histidine 335, histidine 337, and aspartate 348 residues of 
AMSH (and the equivalent residues in AMSH1 and AMSH2, see Figure 2) specify a 
metalloprotease active site. Furthermore, our data teach that compounds that inhibit the 
active site specified by these residues will inhibit the ability of AMSH, AMSH1, and AMSH2 
to deconjugate a modifier protein from a target protein, wherein the modifier protein includes 
NEDD8, UBL1, SMT3H2, SMT3H1, APG12, FAT 10, Fau, UCRP/ISG15, URM1, or UBL5. 

[0091] Although the invention has been described with reference to the presently preferred 
embodiment, it should be understood that various modifications can be made without 
departing from the spirit of the invention. Accordingly, the invention is limited only by the 
following claims. 
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